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VI. ON AN ASEXUAL TAPEWORM FROM THE RODENT, Fiber zibethicus,

showing a new form of Asexual Propagation, and on the
supposed Sexual Form.
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T received in February of this year two complete tapeworms
which were found in the hepatic duct of a Musquash (Ziber
zibethicus) which died in the Society’s Gardens. The two worms
lay together in a part of the hepatic duct just before it receives
the bile-duct, which was much dilated by the parasites. Although
these two worms were very different in appearance, I believe them
to be respectively the sexual and asexual form of the same species.
I shall give reasons for this conclusion in the course of the
following description of the two individuals.

(1) Tae AsexvALl Foru.

The general appearance of this very remarkable worm is
shown in text-fig. 113 (p. 824), which illustrates its most
remarkable peculiarity, viz., the possession of two series of
what appear to be buds at one end of the body. It will be seen
in the course of my description of this ¢ Cysticercoid ” that it is
without any doubt to be regarded as an asexual form. It does
not, however, follow that the mature worm found with it is a
further stage in its development, On the contrary, indeed; for
as a mere matter of guesswork, the assumption would be the other
way. Still, I believe that I shall be able to prove that the two
worms are stages of the same species, in which event we have the
very remarkable fact of both the sexual and the asexual form
coexisting in the same host, and, moreover, in a situation where
one would expect to meet with sexual forms only. The Hymeno-
lepis* of the mouse is a partly, but not an entirely, parallel
instance.

At first it seems likely, from an inspection of the figure

* H, muring,
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annexed, that the wider end of the worm is the scolex and that
the narrower end is the posterior extremity where the proglottids
are being shed. The dilated extremity suggests a scolex not
altogether unlike that of the genus Dasyuroteenia, which I have
lately described to this Society *, and which is characterised by
an unusually swelled scolex. Furthermore, there is a slight
diminution in the diameter of the worm towards the narrower
end, which again conforms to this view, which, as a matter of fact,
I at first held myself. It appears, however, that the reverse in
fact is the case, and that the narrower end is the scolex end.
The opposite extremity therefore is, as T suppose, to be compared
to the persisting bladder of the bladder-worm stage of the
Cestode. To the naked eye, and even on examination with a
lens, the scolex end presents every appearance of being the proli-
ferating end of the body, for the last segments appear to be
slightly incurved, as is so commonly the case at that end. It was
not until I studied this region by means of a series of horizontal
sections that I was able to discover its true relations. And even
now certain important details are wanting,

I could find, indeed, no armed scolex, nor any trace of suckers ;
if the worm is a member of the Pseudophyllidia and has there-
fore only bothria, these may easily have escaped attention in such
sections, which would not be suitable for their display. I cut the
sections, in fact, under the impression that I was dealing with the
posterior end of the body, and without making a sufficiently ex-
haustive survey of the external characters. Themain arguments,
therefore, which lead me to the conclusion that this is really the
scolex end are firstly the mode of imbrication of the proglottids,
and secondly the presence of large pigment granules, a condition
which would hardly be expected at the posterior end of the body,
but which is not uncommon among tapeworms in the scolex.
As to the imbrication of the proglottids it seems to me to be
necessary to regard a segment which overlaps the next one as
being anterior to it in point of origin, and therefore lying to the
scolex side of it. Judged by this conclusion, the narrower end of
the body of this very remarkable tapeworm is the scolex end.

There is no evidence that a scolex has been lost. On the
contrary, the body ends here in a slight median elevation, which
is quite unlike the termination of the body were this the region
of the detachment of proglottids. This little elevation, however,
bears no particular likeness to a scolex, and there are certainly no
suckers or hooks to be seen anywhere. Nor is there any neck, or
break of any kind, between this region and the first obvious pro-
glottid. Tn this latter, moreover, the lateral and transverse tubes
of the water vascular system are as large as in the more posterior
segments, and do not end in a coil such as is so frequent in the
anterior part of this system in other worms. It may be, of course,
that the scolex is in this genus a transitory affair, as it has been

* P.7.8. 1912, p. 677.
55%
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helieved to be (though perhaps hardly now) in certain other tape-
worms.  Or. on the contrary, we may have here a feebly developed
head like that of Zigula.  But the great breadth of the body of
the present worn is not perhaps in favour of sueh a supposition.
Had there been a very narrow antevior neck, some suggestion of
this kind might have been put forward.  Anyhow, the general
characters of the anterior vegion of the body of this Cestode ave
as deseribed above.  We shall vecur to their more minute anatomy

Toxt-fig. 113,

e,
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The upper figuve vepresents the entive asexwal forw of Trocystidirm gemmiparum
enlged by about one-thivd.  The lower figuve is the posterior end of the same
individual more magnified.  For explanation sce text.

later.  Irom this point to the extreme posterior end are very
many proglottids. They are very short and wide, and do unot
appear to ditter very appreciably in length in different regions of
the body. The greatest diameter is something like 4 mm,  This
is at and towards the posterior end of the body. Quite anteriorly,
the diameter is not mere than 2:5 mm. The length of the entive
worn is abont 80 mm. 2 the small posterior bladder is 3 mm. long
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by 2:5-3 mm. wide. The proliferating end of the worm ceases
abruptly with the commencement of the bladder. This region,
which bears a great many lateral buds, shown in the text-figure
referred to, measures 17 mm. The region of the body which
bears these presumed buds (we shall consider their nature later)
does mnot ditferr mueh from the preceding section. It looks,
perhaps, a little more transpavent, but it is divided up exaetly in
the same way into proglottids, which are of about the same
dimensions as those elsewhere in the body. The buds form a row
on each side of the hody and are quite lateral in position ; they
are not at all arranged in order of growth, though representing
very mauny stages. That is to say, the older buds alternate with
younger and older forms. Nor does every proglottid bear a bud
or pair of buds (one on cach side). Between any two buds there
was often a variable number of proglottids without any trace of
budding at all. This, indeed, is necessary ; for the large size of
the buds would prevent their proper growth upon immediately
adjacent proglottids. I counted altogether 17 buds upon one
side and 18 upon the other. But I may have omitted oneor two
in each case; for it is a little difficult to fix the actual first
appearance of a bud. 'They begin, in fact, as an only just recog-
nisable rounded swelling of the edge of a proglottid. Sometimes
the swelling includes two proglottids. There is no question
whatever of the continuity of these buds (as I regard them) with
the parent stock ; they are most plainly outgrowths therefrom.
In later stages the minute round bosses at the edges of the
segments swell into spherical, largely transparent, vesicles, of
which, as the text-figure (text-fig. 113) shows, the size varies—
possibly according toage. Later still, these bladders show a young
worm growing out from their distal extremity, which is usually
of considerably less diameter than the bladder which is attached
to the parent stock. It exhibits numerous wrinkles which I do
not definitely regard as the delimitations of proglottids. The
longest of these presmmed young worms was about 4 mm. in
length ; the bladders reached a length of 2 mm. The exact
number of these more developed buds is faithfully veproduced in
text-fig. 113.

§ Structure of the Parent Stock.

I have investigated the anatomy of the worm by transverse,
longitudinal, and sagittal sections. From an inspection of the
former (see text-fig. 114, p. 826) the depressed form of the body
was obvious, the dinmeter of a section being about seven times
its depth.

At the thinner anterior end of the body, not far from the actual
extremity, transveise sections showed that the medullary region
of the proglottid was not more than two-thirds of the diameter of
the cortical region. The two were plainly marked off from each
other by delicate transverse fibres forming a very thin layer, and



826 DR. F. E. BEDDARD ON A

yet quite unmistakable. The same proportions and the same
structure were visible as plainly in the wider posterior region of

Text-fig. 114.
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Part of a transverse section through a proglottid of the asexual form of
Urocystidium gemmiparwm.

A, spaces in middle of proglottid with darkly staining walls referred to in text.
l.in. Longitudinal muscular layer of cortex, within which is seen delicate
transverse layer of muscles. #.s. Nerve-cord. wv.d. Dorsal excretory tube,
v.v. Ventral excretory tube.

the body. The medullary substance is quite well stained by hema-
toxylin and has the usual homogeneous appearance. There is,
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moreover, in the present worm the usual meshwork arrangement
of fibrils round spherical masses of the homogeneous ground-
substance such as occurs in so many tapeworms, and is often a
very coarse and thus more obvious network. The homogeneous
ground-substance was, however, traversed by two sets of fibres,
which are, I presume, muscular fibres. These are absolutely at
right angles to each other and not at all closely set in either case.
The dorso-ventrally running fibres are nearly always wavy in
their course, the transverse fibres are quite straight—a matter of
different states of contraction, as I imagine.

The cortical layer is easily divisible into two regions, which are
of about equal diameter. The innermost of these is that occupied
by the bundles of longitudinal muscular fibres. The bundles of
muscular fibres are two or sometimes three deep, and each bundle
contains a large number of fibres, which, however, are not very
closely pressed together. In addition to these bundles of rather
slender fibres there lie on either side, between the nerve-cord and
the lateral margin of the proglottid, two bundles of considerably
stouter fibres which run continuously from segment to segment
and ave closely associated with a longitudinally running cavity.
These bundles appear on occasions to lie actually within the cavity.
This tubular cavity is not at all like the tubes of the water
vascular system, and it lies within a very lax tissue. I am unable
at present to suggest its nature.

The accompanying text-figure (text-fig. 115, p. 828) illustrates a
section through the hinder part of the worm not very far in front
of the budding region. This region shows very plainly a system
of irregular spaces in various parts of the body belonging to the
water vascular complex. It may be remarked first of all that the
dorso-ventral diameter is greater here than in the more anterior
part of the body. The structure of the vertical and medullary
regions is the same, but the lower central region of the medulla
actually forms a cavity (text-fig. 114 A) which T do not think to
be artifact and which may be a forward extension of the cavity
of the terminal bladder, though I have not proved the fact, from
an unwillingness to sacrifice the specimen altogether. The in-
terior lining of the space was, however, so very strongly stained
as compared with the surrounding tissues that it appears to me to
be practically certain that the staining fluid gained access through
the two cut ends of the piece of worm, which was stained en bloc.
This, of course, argues a continuous central cavity.

It was quite plain that this cavity was quite distinet from that
of the transverse water vascular trunk. The peculiar central
cavities occupying nearly the middle of a segment here and there,
referred to later (see p. 830) in describing sections made from
earlier segments in the body, are present here and are again not
to be confused with the central lacuna. Their thick walls show
no trace of an opening into it. In addition to the main trunks
of the water vascular system, which are disposed heve as they are
elsewhere in the body, there are scattered irregular spaces which
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soem to bolong to the same system,  These consist of larger but,
vory shovb stems with (iner branches. 1 havo not fraced any con-
nection hetween these tubes and the main stems of the exerctory
system ; but I can, novertheless, havdly doubt that it exists.

Poxt-fig. 115.

A woro highly maguified section through exeretory vessels and adjacent
structures of the nsexual forur of Urocystidivm gemmiparun.

.o, Dorsal vessels surronnded by civenlar musele-fibre.  ae, Lnyer of {rausverse
muscle-fibres sepurating the cortox (to the rvight) from the medulla (bo the
loft).  n. One of severnl tubes formiug the exerotory network and lyiug, us is
shown, in the cortex us woll as in the medalle, &, Trnnsverso commissural
vossol forking to join the veutral vessel (eon), which is also bifureate to roceive
tho brauches.

These ramifications lio in the cortical layer as well as in the
modullary (text-fig. 115, 2).  In one easo L observed a narrow
duet lending from a wider space to the extoriov—at any rate, most
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undoubtedly to the cuticle, and in other cases it appeared to me
to be highly probable that the rvamifications of these tuhes do
open ou to the extevior here and there; they at least invado the
outermost layer of the cortical tissues.

The water rascular tubes ave lavgo in this species, and not far
from being equisized.  There ave, as i tho rule, two upon each
side of the hody. As is so often the case among tho Costodes, the
two tubos, instead of being vespeetively dovsal and vontral and
superposed, Tie side hy side. As is also quite usual among these
wornts, the two tubes, dovsal and ventral, ditfer somewhat in
structuve. 1 consider that the slightly smallor and move misenlae
of tho two tubes is the dorsal vessol, from the analogy of other
forms; in the present species, thereforo, the dovgal vessel is
situated internally to the vential,  They are, however, quite in
the same straight Tine for the most part and also in the same
straight line with the nerve-cord.  But, as o matter of fact, the
more wusenlae dovsal tube Hes in o corkserew fashion, which is
very plain when the proglottids ave viewed in longitudinal and
sagittal sections, and thus that tube in eross-secbions appears to
he now rather dorsal of, and at times rather ventrally of; the
ventral and more oxternal vessel.  Klsewhere they are. more
divectly in the same straight ine. 16 is a remarkable fact that
both of these vessels seem to he quite as age or very nearly so
in the most antevior segments of the hody,  There is no great
inerease in calibro posteviorly.

The general velations of these two vessels ave shown in text-
lig. 114, "Text-tig. 115 ix a wmore enlavged vepresentation of the
two tubes and the adjacent parvts taken from o section of tho
posterior rogion of the body. Their detailed strmeture is theve
illustrated.  In his acconmt of the Cestoidea iu Bronn's ¢ Thier-
veichs,” Prof, Braun vemarks  “Ob in der Wand der Saanmel-
rohven auch noch Muskelfaseren vorkommen, ist noch strittig.”
"The figure just veferred to s, as 1 think, quite conclusive asto the
presence of a particularly thick layer of civenlar fibros constitnting
the greater part of the wall of what 1 vegaid as the dorsal vessel.
This muscular layer appears to wax and wane in thickness from
place to place.  But it is always thick and thus very apparent.
The actnal tube is lined with a chitinons enticle which is also often
very thick and everywhero to be seen.  Outside of the layer of
circular muscles are abundant nuetei, massed round the tube, 1
did not observe any nuclei among the eiveular musenlar filres,
which are, indeed, very closely contignons.  There appear to bo
no intrinsic longitudinal muscles to assist in the widening of the
tube again after contraction by the cireular muscles ; but there is
a mechanism which takes the place of such fibres to serve in their
stend.

In the neighbowrhood of the dovsal exeretory vessel the dovso-
veutral muscles forim groups here and there of wther thicker
and more closely adpressed fibres, which, as it were, tic to or
suspend the dorsal vessel from the cortical Inyer ; it seems certain
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that the contraction of these would dilate the lumen of the dorsal
excretory tube. These fibres, which exist both dorsally and
ventrally, have a somewhat fan-like arrangement—that is to say,
they converge upon the vessel from above and from below. It is
these various muscular layers which cause so great a variation in
the lumen of the excretory tube from place to place.

The ventral vessel differs entirely from the dorsal by the entire
absence of any muscular layers and by the possession of only a
very thin lining cuticle. 1t follows, therefore, that the variations
in the calibre of this tube are not so great, and when they do
occur seem to be due to a squeezing by the surrounding tissues.
The ventral vessel also runs a much straighter course than the
dorsal without any marked corkscrew-like windings exhibited by
the latter. There is a transverse vessel in each segment which
has a rather peculiar relation to the ventral longitudinal tube
into which it opens on either side of thebody. A little way before
reaching the dorsal tube the transverse vessel splits into two
halves, which embrace the dorsal vessel and open separately into
the ventral vessel. This is partly shown in text-fig. 115.

‘We have now to deal with a series of sac-like bodies forming
closed cavities of very problematical nature, which lie in the
middle of many segments. There is by no means one of these
sacs to each segment, and thus they are very far from consti-
tuting a tube running without intermission through the body.
I compare them, however, later in this paper to a tube found in
the young buds (see p. 833). But, as a matter of fact, one of
these sacs may actually extend thirough two proglottids, so that
there is a hint of a formerly continuous structure such as occurs
in the buds. As a rule, however, they appear to be limited to a
single proglottid, of which they occupy sometimes the exact centre,
at other times pushed rather to one side. They lie close to the
transverse water vascular vessel. I cannot find that these sacs
have any connection with any other spaces. They appear to be
perfectly isolated. The first of the series occurs very early in
the body—if not in the very first segment. These sacs have a
lining cuticle surrounded by a single layer of epithelial cells of
which the borders between the individual cells are not clear.
The nuclei, however, are very obvious and large. There are no
muscle-fibres at all apparent encirveling the sacs. They often
appear crumpled in transverse sections, and occasionally seem
to be Y-shaped. They are impossible to miss in a series of
sections.

The only remaining characteristic of this worm upon which I
am able to report is the structure of the “head” end of the body,
which has been already briefly described above. In the place of
a scolex there is a small projecting process, no larger than the
rostellar process of many unarmed tapeworms. This arises from
the middle of what may be termed, for the present, the first seg-
ment of the body, which is distinguished from those that follow
by its rather less breadth and greater length. It would seem to
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be really composed of two segments, if we consider the condition
of the water vascular system therein. The two main longitudinal
vessels of this system extend well forwards into this compound
segment, and the outer ventral vessels are connected by two
transverse vessels, thus indicating, as I suggest, the double
nature of this apparently single segment. Towards the centre
of the specialised anterior segment is a large group of deeply-
pigmented oval bodies, which appear to be special pigment-cells.
They are as large, or nearly so, as the caleareous corpuscles which
are very abundant in this worm. In the middle of the concave
anterior border of these two fused segments is quite a small
conical projection, than which nothing else at all comparable to
a scolex exists. There is no sign of any breakage at the summit
of this which might suggest that a scolex had been accidentally
detached.

It is a somewhat remarkable fact that these conditions (or, at
any rate, something very near to them) occur in the genus
Dioicocestus ; for, as will be pointed out later, the genus with
which I am concerned in the present paper shows some likeness
to the Acoleidee and even to the genus Dioicocestus, which is of
that family. In Dioicocestus acotylus, Fuhrmann * has described
and figured the practical absence of suckers and the very rudi-
mentary condition of the rostellum—a state of affairs which is
not found in the other species of this genus. The figure referred
to also shows—as I have described in my species—the absence
of any marked diminution in calibre of the body at the head end.
But it must be remembered that the Dioicocestus was a fully-
developed sexual worm.

§ Structure of the Buds.

It now remains to consider the minute anatomy of these out-
growths and their nature. As to the latter query, there are, as
it appears to me, only two alternatives. These outgrowths must
be either  tentacles ” of the nature of the processes known in
Hymenolepis willosus, or young worms budded off from the
parent stock. There is very little, if indeed anything, to be
said in favour of the former view. It is true that a large out-
growth of the body to form a tentacle might have very much the
same structure as the body, even to possessing branches of the
excretory system and lateral nerve-cords. But there would
hardly be a practical identity of structure such as I shall point
out in detail later. Furthermore, the growth of processes of the
body might be expected to be more regular than are these out-
growths (¢f. text-fig. 113), and above all a gradual freeing of
themselves from firm contact with the body, as shown in the
figure, is precisely what we should expect with budding offspring,
which, as it appears to me, is the obvious and only way to in-
terpret these appendages of the fully grown worm.

% Zool. Jahrb., Abth. f. Syst. Bd. xx. 1904, p. 131.



832 DR. F. E. BEDDARD ON A

I selected for investigation, by means of transverse sections,
the most adult-looking of the young budded-off worms, in which,
moreover, segmentation was obvious. I have already referred to
this individual in my account of the budding process and need
not redescribe its external characters here. The wider end
attached to the body of the parent forms a bladder with rather
thick walls. This I take, therefore, to be the posterior end of
the young worm. The opposite end is very much thinner (as is,
of course, usual among tapeworms) and represents the scolex end
of the animal. T could observe no trace of hooks anywhere on
this scolex, nor suckers of any kind. This, however, is not sur-
prising in view of what I have already described in considering
the conditions observable in the parent stock. At about the
middle of the worm a transverse section shows the appearances
represented in text-fig. 116. The cortical layer is thick—about
the same diameter, or in places rather more than the diameter,
of the medullary region. The medullary region is plainly marked
off from the cortical by transverse muscular fibres of delicate
constitution.

There are several parallel fibres in this layer, which is altogether
of some width, the individual fibres being widely separated. The
parenchyma of the medullary region is as usual, and contains
many nucleated cells, genemlly triangular in form, connected
with processes at the angles. These cells get to be particularly
numerous near the water vascular tubes, which will be referred
to later. There are also heaps of nuclei visible in some sections,
which I take to be the rudiments of the sexual organs. To one
side of the body the medullary region seems at first sight to be
invaded, as it were, by the cortical region, thus producing an
asymimetry in the transverse section, which is quite apparent in
the accompanying text-figure. This asymmetry 1s associated with
the presence of a tubular organ (text-fig. 116. ), which will be
deseribed in detail on a subsequent page. This occupies a good
deal of space, and round it are large bundles of stout muscular
fibres, quite similar to those which occur in the cortical layer.
It is very easy, however, to observe that the transverse layer of
muscles bounding the medullary parenchyma is continued on
either side of this differentiated mass of tissue and ends laterally
at a point asymmetrical with its ending on the other side of the
body. I therefore regard thisregion asbelonging to the medullary
part of the body." The cortical region is dl\tmo‘uhhed from the
medullary (other than that section “of the medullalv region just
referred to) by the bundles of stout longitudinally running fibres.
These bundles form a layer 1mmedlatelv outside of the tlansvel se
fibves ; but there are much smaller bundles and isolated longi-
tudinal fibres extending some way towards the exterior of the
body.

In the medullary region lie the water vascular tubes and the
nervous system. All of these lie in the same straight line with
each other and with the tubular organ already referred to, and
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this line is the longer diameter of the cross-section ; the tubes
etc. are thus laterally disposed with regard to each other. It is
necessary to emphasise what may appear to be a statement of the
obviously true, since in other regions of the body the mutual
relationships of these several organs and systems are a little
changed.

Text-fig. 116.

Transverse section through middle of strobila of oldest bud of the asexual
form of Urocystidiwin gemmiparuit.

Lv. Bxcretory tubes. 2. Nerve-cord. . Tube of doubtful significance
described in text.

In all other tapeworms known to me the water vascular tubes
of the two sides of the body are symmetrical with each other in
point of position within the medulla and distance from the lateral
cortex on either side. They are also generally correspondent in
size, though not always regularly so throughout the whole body.
In the presentspecies the water vascular tubes are asymmetrical in
both these pavticulars. The tube of the one side is considerably



834 DR. F. E. BEDDARD ON A

larger than that of the other and is relatively asymmetrically
placed. This latter fact is doubtless due to the bundles of longi-
tudinal fibres surrounding the large lateral tubular organ. This
structure has, as it were, pushed the nerve-cord and the water
vascular tube of its side towards the centre of the body. Indeed,
the vessel in question lies very nearly in the actual centre of the
section and quite in this position shortly before and during its
connection by the transverse vessel with the tube of the opposite
side of the body. These transverse vessels are at regular intervals
and quite easy to see as in the adult worm. I did not observe
any other branches of the water vascular tubes than these.

These sections from the middle of the body of the young worm
also show very plainly the remarkable constitution of the nervous
system in this Cestode. One of the two lateral cords (text-
fig. 116, 7) is very obvious indeed, lying between the water vascular
tube of that side and the tubular organ of doubtful meaning.
Tt cannot possibly be missed in these sections. But on the opposite
side of the body I could find no trace whatever of any nerve-cord
even of smaller size than the one represented in the text-figure.
T feel confident that a failure to observe a cord in this situation,
were it present, would be difficult. The medullary tissue is so
clearly differentiated by the stain (iron heematoxylin*) that
the nerve-cord, if of any size at all comparable to that of the
opposite side of the body, would stand out quite prominently.
This state of affairs is undoubtedly very anomalous and hard of
explanation. For we shall see later that the two nerve-cords are
both quite recognisable towards the end of the body.

Finally, this transverse section shows to one side a large tube
cut across, to which reference has been made incidentally once or
twice already. It is situated in the centre of a group of bundles
of longitudinal fibres, which bundles are like those in the cortical
layer of the body in every way, including their rather sparse
scattering round the centrally placed tube. The bundles in the
cortical layer are not densely pressed together as they are, for
example, in Dasyurotenia robustat. The tube itself is of con-
siderable size and is lined by a thick layer of chitin, which is
stained precisely like the chitin which covers the body of the
worm externally. Outside of this is a single layer of stout longi-
tudinal muscle-fibres, and then a deeply staining layer of elongated
cells, interspersed among which are small bundles of stout longi-
tudinal fibres. The structure of the tube is in fact almost exactly
that of the outer layer of the body, only differing, indeed, by the
intercalation of the groups of stout longitudinal fibres among
the cells.

‘We shall now consider the course and structure of this tubular
organ throughout the body of the young worm. The identity of
structure with the outer layer of the body which this tube
shows in the middle region of the body, is rendered intelligible

% 1 am indebted to Dr. Plimmer, F.R.S,, for the use of this reagent.
+ See Beddard, P. Z.S. 1912, p. 684, text-fig. 97, lan.
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by the fact that in two places, one behind the other, it communi-
cates with the exterior by a narrow duct (text-fig. 117). One of

Text-fig. 117.

Two consecutive sections from another region of the same bud as that which is

represented in text-figure 116, to illustrate the opening of the tube x on to the
exterior.

In the upper figure the orifice (0.) on to the exterior is shown and the
commencement of the invagination leading towards the tube .

In the lower figure the outgrowth of the tube @ to meet the invagination is seen.

2, Nerve-cord. 7.v. Water vascular tubes,
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these openings is in the bladder region and the anterior one a
very little way in front of this. Both orifices are dorsal or ventral®
in position—at any rate not lateral,—hut they do not coincide
exactly. In view of the position of these ovifices it is clear that
the tube of communication is of some length. In addition to
these two openings on to the external snrface, the tube gives off
two short cweal processes, one of which nearly but not quite
opens into the bladder.

Anteriorly the tube gradually comes to an end and does not
end by opening on to the exterior. It diminishes in calibre for
the space of a few sections and then simply ends. At the bladder
end of the body—the end which is attached to the parent stock—
the tube gets to be more and more shoved to the side as the
bladder increases in size. In consequence also of this the tube
becomes flattened from side to side, at the anterior part of the
bladder. Followed backwards this tube ean be recognised by its
thick chitinons lining, already referred to, and can be seen
thereby to Le quite distinet from the excretory tube which has
come to lie below it in consequence also of the development of
the bladder region. The next that occurs is that the tube divides
into two coineidently with the formation of two or three septa,
pavtly dividing up the cavity of that part of the bladder which
lies adjacent. The two tubes lie one dorsally to the other, and
thns both of them in the same straight line with the excretory
tube. The middle tube of the two after a very short course
appears to open into one of the chambers of the bladder, and is
thus a diverticulum like the one mentioned above. Furthermore,
I am not absolutely certain that it actually opens into the
Dladder ; but it ends at least in close contact.

I feel, indeed, almost inclined to assert that this tube does
open into the cavity of the bladder, since the main tube, continu-
ing a little way further back, gets very narrow and undoubtedly
ends by opening into the bladder. Tt is to be noted that these
orifices do not involve a mere continnity of lnmen. The character
of the lining membranes changes at the point of meeting. It
is further to be noted that it is not the main cavity of the
bladder into which the tube opens, but into a portion of it,
separated off’ by septa. 'This problematical tube varies in parts
in its strueture and in its velations to the nerve-cord. Anteriorly
the layer of cells smrounding it are not so conspicuous as
elsewhere, and thus the longitudinal musecular fibres come into
greater prominence; the calibre of the tube also is not the same
all through the body. It has been mentioned that in a section
from about the middle of the body, that the tube lies outside
of the nerve-cord and quite laterally to 1t. In other parts of the
body, particularly anteriorly, the tube lies above (or, perhaps it
may prove necessary to say, below T) the nerve-cord.

We have, thevefore, in these young worms still attached to the

* T canmot diftferentiate between the dorsal and ventral surfaces.
1 See footnote above.
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parent, though (as the narrow stalk shows) just ready for detach-
ment, a tube of the structure of the outer layer of the body
which traverses in a straight line nearly the whole of the body,
which opens into the bladder behind and has two segmentally-
arranged orifices of communieation with the external world.
There is no obvious answer to the question as to its nature. In
buds within the eyst of Kchinococcus* a cavity is formed which
is not an ingrowth of the cavity of the whole cyst, hut which
is alleged to be continuous up to the scolex. This, however,
has been denied and the scolex asserted to be entirely solid.  But
even supposing a comparison is possible on the grounds that
the scolex of Kchinococcus is hollow, the short tubes leading to
the exterior in the worm of which the present paper contains
an account would seem to invalidate it. And, moreover, the
structure of this problematical tube is®not that of the bladder
with which it commuuicates. It seems, indeed, to be a special
structure and not a space connected in any way (or, rather, any
direct way) with an evagination of the scolex.

For the greater part of the body I could only find a nerve-cowd
on one side, where it was guite as obvious as in the “adult” worm.
In the anterior region, however, the nerve-cord of the opposite
side was visible for a short space, It was, however, not half the
size of its fellow, though of precisely the same structure and
equally ummistakable as a nerve-cord.  Both cords lie in the
medullary region just at its bordering on the cortical layer. I could
find no enlargement of the nature of a brain. Quite anteriorly, as
well as posteriorly in the bladder region, I could not recognise a
nerve-cord. It is noteworthy that the asymmetiy of the two
water vascular tubes in size is exactly paralleled by that of the
two nerve-cords.

These are the facts which I have ascertained in the anatomy of
the nost mature of the growing buds. It now remains to compare
the structure of the young worm with that of the parent stock of
whieh it is a bud.

S Comparison of Bud with Parent Worm.

In the general form of the body and in the possession of a
relatively small bladder they agree ; also the rudimentary scolex
is a marked feature of hoth young and old.

It is rather remarkable to find asymmetry in the young
worm, but this of course may be its normal method of growth.
Certainly I noticed no asymmetry in the pavent form. What
1s perhaps important as a difference is the presence of only two
water vaseular tubes in the young and four of these in the
older worm. The additional water vascular tubes may, however,
make their appearance later. Turthermore, for the sume
reason, too much stress caunot be laid upon the more copious

* Bronn’s Thierreichs, iv. Abth, 18, p. 1549,

Proc. Zoor. So¢.—1912, No. LVI. 56
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bundles of longitudinal museular fibves which are to be noted in
the large worm. I believe also that the continnous large tube in
the immature worm is represented by the cavities contained in
many of the segments of the adult worm, thongh the minute
structure, it must be confessed, ditfers in the two cases. Further-
more, the series of cavities in the adult worm lie very nearly in
the middle of the body, indeed quite in the middle of the body in
some segments ; the tube in the young worm is, on the other hand,
as distinetly to one and the same side.  But it must be borne in
mind that the position does vary in the young worm, and a further
flattening of its body might easily cause a greater similarity in
the position of the tube to that observable in the move fully
mature worm.

§ Comparison with other Lorms and Systematic
Position of the Parastite.

Apart from the question of proliferation by budding, to which
we shall return later, this Tapeworm presents a certain number
of undoubted resemblances to Oysticercus fasciolaris (of rats and
mice, ete.), which becomes Zwnie crassicollis in the Cat. Both
these forms agree (I have compared the species which forms the
subject of the present paper with examples of the Cysticercus from
the comnion rat) in possessing o long segmented body and a small
bladder posteriorly. But in Uysticercus fasciolaris the bladder is
smaller and the body shorter than in my species, while the hooked
and suckered anterior end venders any confusion or detailed
comparison impossible.  Nevertheless, the two forms have in
common the small bladder and long strobila. But while the one
oceupies the position in the body of its host of a sexnal worm, 7. e.
in a diverticulum of the alimentary tract, the other is found, as
are COysticerci, encysted, and in the liver of its intermediate host.
Nor is it by any means certain that the species from the Mus-
quash is a member of the Twenioidea (Cyclophyllidea) at all. It
may well be & member of one of the lower groups of Cestodes.
We shall consider the arguments for and against the placing of
the worm among the Tanioidea.

It must be admitted at once that there are no absolutely con-
clusive arguments which point definitely one way or the other.
This, of comrse, may be explained on the assumption that we are
dealing here with quite a new type of Cestode. In themeantime,
the structure of the worm so far as it can be read does not favour
such an assumption, thongh it does not, for the matter of that,
appear to be necessarily contradictory of this possible view. Asto
the other alternatives, the absence of a marked scolex with suekers
is greatly against the reference of the worm to the Twnias, but
the character of the terminal bladder, on the other hand, is on the
whole in favour of such a placing. This latter fact is obviously
against the supposition that the worm is a Plerocercoid of any
kind ; but the lack of a definite ‘“head” is as clearly in favour of
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this supposition. There, as it appears to me, the question must be
left—in regrettable uncertainty.

The process of asexual reproduction by budding which this
worm shows is not entirely unknown among the Cestoidea, but
there are some not unimportant differences from what has been
recorded in other forms. There are two principal comparisons to
be made.

The first of these is with Cysticercus longicollis, the bladder-
worm of 7wnia crassiceps. 1t is of further interest from the
point of view of the present comparison to note that this Cysticercus
is also found in a Rodent, drvicola arvalis. Besides the earlier
investigators, Prof. M. Braun* has studied this form and em-
bodied his results in brief in Bronn’s ¢ Thierreichis’t. The buds
from the Cysticerci do not apparently {contain a prolongation of
the bladder-cavity, ¢ sondern durchweg als solide Wucherungen
der peripheren Schicht der Wand entstehen.” This is an obvious
point of similarity with my species, where, of course, the buds
cannot be continuous with the cavity of the bladder - that is to
say, in both cases the buds are solid outgrowths. Furthermore,
before being separated oft from the pavent Clysticercus the attach-
went of the bud dwindles to & narrow stalk precisely as 1 have
deseribed above. The buds, however, in the case of (‘ysticercus
longicollis seem to be limited to the bladder and always to the
hinder end of that; whereas in my species this is exactly the
region where no huds are formed.

1 believe, however, that a nearer approximation to the condition
observable in the species which I describe in the present paper is
offered by a worm recently described by Ijima$ with some detail.
This is a Llerocercus or Plerocercoid found parasitic in a human
being in Japan in eysts in the skin. 1t appears to give ofl’ actual
buds, which are, however, more or less irregularly mrranged and
present nothing of the comparative symmetry manifested in the
species fron Fiber zibethicus. The individuals differ in the degree
of their budding, some giving off’ a large series of slender pro-
cesses, These buds are, as in my species, actual ontgrowths of the
parent stock and not, for instance, connected with the excretory
organs or any other definite part of the body. ™They occur
as much at the head end as elsewhere and there differ from the
Tapeworin of Iiber zibethicus. 'There is, however, a resemblance,
in that in both cases the more mature buds are not in front of
or behind the less mature: there is o complete irvegulavity in
their order of succession.

The similarity between the two cases of budding cannot, how-
ever, be carried into any detail, since it is obvious that the two
worms are not nearly allied. I'he Plerocercoid described by

* See Centralbl. f. Bakt. u. Par. xx. 1896, p. 580; Zool. Anz. 1896, No. 514 ; bid.
1897, No. 521, These papers are not illustrated.
1 Bd. iv. Abth. 1 B, p. 1529,
T “On a new Cestode Larva parasitic in Man,” Journ. Coll, Sci. Japan, xx. 1905.
For a reference to this paper I win indebted to Dr. W, Nicoll.
56*
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Ljima is regarded by him—and, as 1 think, rightly—as a young
Bothriocephalid whose larval stages are also known from similax
positions in other mamwmals than man, 'These larve have mno
bladder, and thus the fact that in tho Plerocercoid, as in my
worn, the buds are produced from the general body surface loses
its principal significance. It is, I think, more important to note
that the worm [(rom Ziber sibethicus diters from Cysticercus
longicollis, in that the budding is not upon the bladder end of the
worm. It is remarkable, however, that both in my worm and in
tho Plorocercoid thero is no recognisable scolex : hut at the snane
time there is in the supposed young Bothriocophalid no proper
segmentation of the body as yet visible. It is thus particularly
vemarkable that my species is vory fully segmented throughout.
I think, thevefore, that the caso of budding which I bring forward
in the present paper may be regarded as 1n some vespects a new
torm of asexual reproduetion which is partly paralleled in a fow
other forms of Tapeworms.

Tnasmuch as the propagation of this worm is diffevent in dotail
from anything that is known, and as tho worm itself does not
ontirely conform with any known species or genus, it is desirable,
as I think, for mere convenience sake to give it a name and to
define as tfar as may be the characters of the Cestode.  Had the
worm proved definitely a Tetracotyloan®, I should have con-
tented mysclf with referring it temporarily to the genus “ Zaeate,”
a name which is generally given to forms whose generie aflinities
are uncertain,  As, however, this eannot be done with any
certainty, 1 venture to give a new generie name which is non-
committal as to its position in the series, and 1 term it
accordingly

Urocystidinm gemmiparum, gen, ot sp. n.

Incompletely matwre worm with small bladder and very wninerois
proglottids.  Seolex feebly developed and without hooks.  T'ubes of
water vasewlar systew laderal to cacl other, the dorsal with thick
muscular coat and tside of ventrad, the ventrals connected by a traus-
verse vesselwhich forks and swerownds dorsalvessel ¢ a netrwork present
in cortex as wel as in medwllary reyion.  Longitudinal muscle-
layor in cortex of at least two rows of bundles with nwmerous fibres
tneach.  Buds jormed at hinder end of body on both stdes, thus
Jorming two vows, of whick the bladders we attached to the parent
stock ; the scolex s not inverted, iswithout hooks, and rudimentwry.

Hab. Musquash (L7ber 2ibethicus), i liver-duet.

(2) Tne Sexvar Forw,

As has been already mentioned, the hepatic duet eontained
besides the ¢ cysticercoid” just deseribed a sexual worm which 1

. ¥ I think it necessary to maintain an nttitude of reserve with respeet to the
identity ot the asexual and sexual forms.
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believe to be the mature form of the same Tapeworm. The size of
the two worms was about the same. The sexual form measured
86 mw. in length and the greatest dinmeter, which oceurred not

Text-fig. 118.

The sexual form of Urocystidium gemmiparwimn (?).

The left-hand figure represents the entire worm maguified about twice ; the right-

hand figure represents the scolex with a double crown of hooks more highly
magnified.

far behind the head, was 6 mm. The appearance of the worm
(text-fig. 118) was quite similar to that of the immature form. It
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was posteriorly of a rather delicate appearance, rather translucent,
and the proglottids were very short and enormously wide in
proportion. There was no increase in length of the proglottids
towards the end of the body, and their proportions were as in the
asexual worm. Tt would hardly, of course, be sufticient to insist
upon an identity upon these grounds alone; but, taken in con-
junction with other facts which will be dealt with, the similarity
in outward appearance is very striking. The “tail” end of the
body appeared to be a little excavated, as is common in tapeworms,
the penultimate segments slightly embracing the last segment,
which was not quite so wide. I can believe that the worm was
proliferating at this end.

The scolex was not quite so wide as the ensuing strobila, and no
appreciable neck separated the two. The scolex is proportionately
large, as is indicated in the accompanying text-figure (text-fig.
118), and well wmed anteriorly with two rows of hooks alter-
nating in position. The anterior circle of hooks consisted of 16
separate hooks, which were about twice the size of those of the
succeeding circle, whose number I did not count, but which were
presumably the same, as they were implanted between the larger
hooks. The usual four suckers are present; they show no un-
usual features and are unarmed ; their cavity looks forwards.

I have investigated the internal structure by means of trans-
verse and sagittal sections. The cortical layer does not differ
greatly from the medullary layer in thickness, and the general
appearance of the sections is very like that of sections of the
Immature worm (see text-fig. 119). The cortex, for example, is
identical or nearly so. The same bundles of longitudinal fibres
occur and ave very much of the same thickness. They are also
separated from the medulla by transversely running fibres. I
have described and figured in the asexual form the bundle or
bundles of rather stouter longitudinal fibres running outside of
the nerve-cord on either side and associated with a cavity dubiously
related to the excretory system. I find the same arrangement in
the sexual worm.

The excretory system does not need a very long description,
since it agrees in its main peculiarities with that of the supposed
asexual form. There are, in fact, the same two lateral vessels on
either side lying parallel to each other. They are, moreover,
roughly equisized, and the innermost of the two has very thick
muscnlar walls, the fibres being circular in their disposition. I
should add that nuclei interspersed among these fibres were very
obvious. In addition to these two longitudinal trunks each pro-
glottid possesses a transverse vessel which has the same remarkable
mode of union with the ventral excretory tube that I have figured
(see text-fig. 115) and described (see p. 830) in the presumed
Cysticercoid stage, and which I need not redescribe here as the
structure seems to be identical. There is, however, one important
difference which the sexual form shows from the Cysticercoid ; and
that is the absence in the former of the peripheral water vascular
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network of the latter. T could find no trace of this in the sexual
worm, although it was easy to see in the supposed Cysticercoid of
the same. It seems to me possible (perhaps necessary) to explain
this difference by asswming in the Cysticercoid a retention and
gradual metamorphosis of the bladder into the strobila, together
with its excretory system, which latter ultimately disappears on
the assumption of sexual characters. There are, of course, other
Cestodes in which the bladder is not cast off’ before the acquiring
of sexual characters.

Text-fig, 119,

Part of a transverse section through a proglottid of the sexual worm.

c.m. Circular muscles. dww. Dorsal vessel of the water vaseular system. N. The
three laterally running nerve-cords. tw. Transverse water vascular trunk,
vw. Ventral trunk. X. Large longitudinal muscular fibres referred to in the
text as frequently running within a space.

In the neighbourhood of the water vascular trunks delicate muscular fibres are
shown running chiefly in a dorso-ventral direction, which may be associated with
the dilation and contraction of the water vascular tubes.

The nerve-cord shows no trace of the asymmetry which I have
described above in the very young worms. There is nothing un-
usual about the position or structure of the main trunks. There
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is, however, on either side of the body and rnnning parallel with
the main nerve-cord a second and a third nerve-cord (see text-
fig. 119, N) which lie above and below the former and at some
distance from it. These accessory nerve-covds appear to be
exactly like the main nerve-cord in structure and ave situated
at the boundary of the medullary and cortical regions, a tritle
neaver to the middle of the segment. In sagittal sections the
supplementary nerve-cord is very obvious and is seen to be con-
nected with the main trunk by numerous (7 or 8) transverse
cords 1 each segment, which produce a ladder-like appearance.
There is an obvious likeness here to Bertiella, in which genus the
nerve-cord also consists of three separate strands, and to Dioico-
cestus, where the cords ave wider apart. They are, however, much
closer together in Bertielle than in the present worm. I have
not observed this avrangement of three nerve-cords in the supposed
immature form already described. But it is to be observed that
the main cord is there almost as wide as the medulla, thus leaving
no room for the accessory cords which may be split oft later.

§ Sexual Organs.

In the middle region of the body and possibly for some way in
front (I have not examined sections just in fromt of the mid-
region) the proglottids are full of ripe eggs. I have examined
these proglottids in sagittal as well as in transverse sections. The
former bring out the important fact that there is apparently no
internal boundary-line between the proglottids ; for the eggstorm
continuous masses stretching without intermission from segment
to segment. In this region the most careful search failed to show
any other genital organs than these exceedingly numerous ripe
ova. It is, of course, not uncommon in fully mature segments
of tapeworms, such as these in the present form, to find nothing
but ova in the medulla; but in those forms there are at least
considerable though often altered remains of the genital ducts
and terminal apparatus. In the present species there is mo
vestige of cirrus-sac or vagina and not the least trace that I
could discover of an external pore. Nor do I think that it would
have been easy to have missed these stimetures were they present,
particularly in a series of sagittal sections. I am, in fact, con-
vinced that they are absent.

The eggs of this tapeworm do not lie in any space or spaces
that can be strictly called a uterns. There arve, however, spaces
which suggest the remains of the nterus. These are not arranged
in strict metamerism ; but in a certain number of proglottids,
and not by any means confined to a single proglottid, are large
cavities such as is represented in the accompanying text-figure
(text-fig. 120). These cavities are more or less circular and lie
in the medullary region of the body. As a matter of fact,
they are not at all full of eggs. Indeed, they are often quite
empty ; only sometimes are eggs to be seen lving within them
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Text-fig. 120.

Two sections through portions of proglottids of the sexunal worm,

The upper figure is a longitudinal section in the more anterior part of the body,
showing the smaller ova lying among and to the inside of the longitudinal
museles (2.); these smaller ova lie in what is probably generative tissue, not
clearly indicated in the drawing.

¢ Transverse muscle fibres. o. Mature ova scattered through medulla and
also at the opposite side of the figure in the cortex.

The lower figure represents a transverse section through a more posteriorly situated
segment.

¢. A cavity which may possibly represent a nterus; two spaces are shown in the
cortex which may or may not belong to the same category. 1. Longitudinal
museles. o. Ripe ova showing a nucleus. ¢ Transverse muscles,
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and adherent to their walls. I doubt, therefore, whether these
spaces are the vemains of the uterns, or whether they are not
rather eavities which have avisen in the medullavy vegion perhaps
by stretehing of the walls of the body and consequent laceration.
The eggs, in fact, lie scattered through the parenchyma, some-
thues singly and more often in masses of various sizes, as is
shown in the figure referved to. The eggs are not limited
to the medullary region, 1t is clearly to bo observed that
they extend into the cortex (text-figs. 120, 121) a good way

Text-fig. 121,
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Part of a transverse section throngh a proglottid of the sexually mature worm in
which the ripe ova (0.) have been very deeply stained and ave seen to bo
scattered throngh the eovtex as well as the wmedunlla.

. Liongitudinal museles.  #. Transverse muscles.

towards the external layer of the Lody-wall. They stop short,
however, some way below it. It is quite certain that whether
or no there may be remains of tho nterus, some of the cges lie
seattored within the pavenchyma, In the cortical parenchyma
they are to be seen between the musele-bundles and closely packed
in masses.  The appearance is, indeed, not at all unlike that
which 1 have recently described in the tapeworm Anoplotenia
dasywri ® in those parts where the cavities of the unterus were
not so conspicuous; for in the latter worm there are uterine

¥ P, 7.8, 1011, p. 1012, text-fig. 213,
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cavities lodging many, perhaps most, of the eggs. The present
species is, as it weve, a stage beyond that exhibited by Amnoplo-
teenie dasyuri.  As is well known, the imbedding of the eggs in
the parenchyma is not a novelty ; for Oochoristice is o genus
which is largely characterised Dy this very feature, though in
this case the eggs are imbedded singly and there are not the
heaps of eggs seen in the present species and perhaps in Ano-
plotewnia.  In Awuoplolewnia, however, the masses of cggs are
usually in cavities of the uterus. In hoth Qochoristica and Ano-
ploteenia, however, the scattered eggs are limited to the medullary
region. But the peculiarity of the species with which I am
dealing in the present paper is also known in other forms. Clerc*
has figured eggs in the cortical region in a species of Dilepis.

I have some reason to think that the scattered eggs lic in
the interstices of the network forming the ground-tissue of the
worm; but in any case eggs were also seen lying in larger
circular cavitics. 1 believe that these cavities (shown in text-
fig. 120) are not the remains of a uterus. They are, as it
appears to me, to be directly compared with similar spaces to be
seen in matwre (but less mature than in the present instance)
segments of /nermicapsifer, where 1 have deseribed and figured
them ¥. In this latter case I was able to bring forward some
positive evidence to show that the spaces in question were not,
and could not be, the isolated series of chambers left by a
vanishing uterus. In the worm with which I am dealing in the
present communication I am unable to furnish any of those
proofs of the nature of the cavities in question. [ can mercly
point out their general similarity to those of /nermicapsifer.

Although there were no traces of gonads like those of other
tapeworms in this region of the body, I have succeeded in dis-
covering what I regard as undoubtedly the gencrative tissue.
The medulla was packed with ripe ova, which, as already said,
stray into the cortical layers lying between the bundles of
muscles. But at the line of junction of the cortex and medulla
and lying in the latter is a continuous mass of tissue with
interspersed nuclei, in and just outside of which eggs in various
stages of development are to be seen. This is, as I think,
undoubtedly to be regarded as a continuous layer of gonadial
tissue. I cannot see any other obvious explanation of it. It is
clearly totally unlike the ground-tissue of the tapeworm’s body
and forms a solid mass with darkly staining nuclei. Its associa-
tion with developing ova seems to be final in the matter of
argmmnent. It is, however, possibly the case that this gonadial
tissue 1s wholly or in part the origin of spermatozoa also; for
testes like those of other tapeworms were not fonud in the
present species. I have, however, no evidence of the presence of
spermatozon, The tissue itself is—save where developing ova

* Rev. Zool. Suisse, t. xi. 1903, pl. xi. figs. 75, 76.
+ P.Z.8.1912, p. 588, text-fig. 77. For the opposite view, see Janicki, Denkschr.
Med.-Nat. Ges, Jena, xvi. (1911) p. 381, pl. xiv. figs. 25-27,
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are present—naturally indistinetive. The only way of proving
its testicular nature is the discovery of spermatozoa. An
inability to find these is not of itself conclusive proof of the
absence of testicular tissue. But an argument of weight in this
direction is to be derived from a study of the ripe eggs. These
are rather small as compared with some species and possess a
very thick hyaline shell, which is with difficulty penetrated by
staining reagents. Thus in many of my sections the eggs seem
to be simply oval structureless bodies. In cases, however, where
the staining has been more successful the true ovum within the
shell becomes obvious. It consists of a single cell with a large
nucleus. I say a single cell because there are not vitelline cells
enclosed within the shell, anything in the nature of a vitelline
body being completely absent. The absence of a vitelline gland
is rare among tapeworms, but is known in the genus called
on that very account Awitellina®. In no case did I find this
ovum in course of division—and I have examined a large
number of individual ova in many segments. I infer, therefore,
that no spermatozoa are formed in this individual worm and
furthermore that there is no entry of spermatozoa from another
individual—a fact which is also supported by the absence of a
vagina. But it must be remembered that the host may not
have contained in the bile-ducts another sperm-producing indi-
vidual. It may be that fertilisation occurs outside the body.
But this is clearly a mere suggestion for the present, though
not repugnant to such evidence as there is.

There being no trace of the actual uterus in the middle
region of the body, I naturally sought for these bodies elsewhere
and made a series of sections from the anterior region of the
body. I selected the rather thicker region which immediately
follows the head and examined a piece cut from about 10 mm.
behind the anterior extremity. Here, as I imagined, the im-
mature uterus might be found or at any rate some trace of its
existence. I could, however, find in this part no essential
differences from the posterior region of the body which has just
been described. The body was in the same way packed in places
with the ripe ova, which were present everywhere in a less crowded
state ; indeed, they seemed to me to occur nearer to the external
surface here than posteriorly. I found the eggs only just beneath
the external cellular layer of the body-wall. The only conclusion
that I can come to is that this worm possesses no uterus, or
that it exists for a very transitory period only, and also that very
possibly the sexes are separated as in the genus Dioicocestus.
The specimen described here being a female, this conclusion
is obviously based upon negative evidence only and is thus less
valuable. It is, however, quite clear to my mind that the genera-
tive products develop simultaneously in the proglottids and that

* See Gough, Quart. Journ. Micr. Sci. vol. Ivi. pt. 2, 1911, for an account of this
genus. .
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therefore there is no growth of the worm when it has arrived
at sexual maturity. This conclusion, which fits the facts that I
am able to set forth, agrees also, it may be pointed out, with the
very worm-like cysticercoid stage. There is, so to speak, not
much necessity for this immature worm to grow in length before
assuming the sexual condition. Far otherwise is it with the
typical Cysticerci, which are provided with but short strobila
as compared with the mature forms of their species. There is
at the very least a relation between the two series of facts which
is worth noting. It seems to me to be furthermore likely that
at no period are there sexual ducts developed—at any rate, no
female ducts. This latter circumstance, if true, is not new ; for
the absence of a female orifice has been asserted in more than
one genus of worms belonging to more than one family.
Aporina among the Anoplocephalidee and many genera among
the Acoleidw® are instances to the point. It is mainly, indeed,
the plain absence of a citrus-sac which leads me to believe that
this worm possesses a dicecious habit so rare in this group.

S General Résumé and Systematic Position.
K/

It is, I think, obvious from the foregoing account of the
sexual form of this worm that it is the representative of a new
genus which differs in a good many particulars from any known
form. It will be convenient to give a short résumé of the
essential characters of this worm, for which the name already
given to what I regard as the asexual form may be retained.
My reasons for retaining the name of the asexual form are
firstly that I have been able to give a more complete account
of it than of the presumed sexual form of the same Cestode,
and secondly that I cannot fully define the sexual form, concerning
whose identity with the asexual form, moreover, some doubt may
be considered to remain.

In any case the following are the principal characters of the
sexual worm :—Length 86 mun., greatest breadth 6 mm. Head
with two rows of hooks 16 in each row, the hooksof the anterior
row twice the size of those of the second row. Suckers normal
and unarmed. No neck; strobila consisting of numerous pro-
glottids very short and not appreciably longer at posterior end of
worm.

Body flat, thicker anteriorly. Cortex about the same diameter
as medulla. Two layers of bundles of longitudinal muscular
fibres in cortex. Water vascular tubes two on each side lying
side by side ; dorsal (2) tube with thick muscular walls. A trans-
verse vessel in each proglottid forking round dorsal vessel to join
ventral at two points. No water vascular network present.
Nervous system consisting of a larger lateral trunk and two
smaller trunks, one dorsal and one ventral, connected by many
cords in each proglottid to main trunk. The sexes are apparently
separate or the worm is protogynous or protandrous throughout.
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Fomale avgans cousist of 2 layer of gonadial tissue lying in the
wedulla at its junetion with the cortieal layer from which ova are
shed futo the body, which they pevineate even to the outer layovs of
the cortex. There is wo trace of sogmentally arvanged gonads ov of
a uterus, nov ave the oges surrounded by any kind of ** eapsule.”
Theve is no vagina or fewale passage of any kind; the vitelline
glands are totally absent.  The vipe eggs arve surrounded by a
thick hyaline shell and neuwe were observed to be dividing and
ne ewbryos were discovered in them. Thus it is possible that
fertilisation ocewrs outside of the body.

These characteristies do not eutively fall in with those of any
other family of tapeworms.  They obviously peint to an aflinity
with the Acoleidw, but do not detinitely necessitate the inclusion
of this vemarkable worm within that fawily.

§ Anatomical Summary.

Lt wmay be convenient to extmct from the foregotng account
of this new tapewortmn the more remarkable anatowieal facts
which 1 have been able to make out.

(1) The absence of a marked sceolexin the Cysticercus of a tape-
worm which cannot be placed among the Bothriocephalids
and of which theretore it would be expected that the scolex
would be very prominent.  And correlated with this the
necessry assuwption that, as in Bothviocephalids, the
seolex only develops pard passe with the growth in matwrity
of the wourn.

(2) The enormous size of the strobila as comparved with the
bladder—a rare condition among the Tetwwotylea, but
pavalleled in Cysticercus faseiolaris.

(3) The very thick layer of muscle surronnding the dovsal
vessel of the excretory system aud the bifureation of the
transverse vessels ronnd the dorsal vessel to open into the
ventral water vaseular tube.

The total absence of generative ducts or (presuming that
the species 1s diwelous) ot the female tubes, which is. so
far as I am aware, a unique anstowmical charaeter.

(8) The total absenece of a nterus ov of any trmee theveof.

(6) The diftuse and non-metameric character of the ovavies,
wlhich are not sharply ditterentiated into velatively small
bodies of a definite shape.

(7) The enormous guantity of eges produced and theiv exist-
ence in quite anterior as well as posterior segments; the
eggs are, moveover, found quite as abundantly in the
cortical layer as in the medulla. The conditions observable
in this part of the genemtive system are simply an
exaggeration of what is to be met with in other geneva,
where the eggs come to be ultimately seattered through
the medultary parenchyma.
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